While there is increasing world-wide discussion of the importance of renewable biological resources and a bio-based economy, science educators around the world have become aware of a declining general interest in plants and agriculture and of little knowledge of plants among the public. Recently, there have been few systematic investigations on the knowledge of crops. To address this observation, we initiated a questionnaire survey with secondary school students based on the assumption that students should acquire a fundamental knowledge of agriculture and crop-plant biology during compulsory education. As home is a source of information, parents were also questioned. On the whole, 926 German secondary school students aged nine to 18 years and 314 parents participated in our questionnaire survey. The data suggest an unsatisfactory level of knowledge about crop plants among students. Girls have greater knowledge and claim to be interested in crops more often than do boys. While knowledge of species was independent of grade and age, knowledge of crop use did increase with increased years of schooling. Parents showed an overall better performance than the students' on items involving plant recognition and their use.
INTRODUCTION
Crops have been cultivated for about 10,000 years. Among those that are still essential for society are corn, wheat, rye, barley, oat, millet and rape. We are in daily contact with crop plants in terms of e.g., food, clothes, furniture and cosmetics. Crops are in connection to agriculture, which is an important economic factor. The importance of agriculture in many people's lives has decreased with mechanization (Bickel & Bögeholz, 2013) . People are able to buy their staple food in the supermarket without having any contact with the original plants. Thus, it is not surprising that the knowledge of product processing is low (Brämer, 2006) . Even though personal contact with crop plants and agriculture has decreased, the
Study purpose
Knowledge of and interest in crop plants of German secondary school students has not been systematically investigated so far. Thus, it is of importance to find out at first:
 What do students know about crops and are they interested in them?  Moreover, do parents have a greater knowledge than their children?  Where do they get their information? Knowledge of species in our survey has been defined as the recognition of and ability to label plant inflorescence images and seeds, as provided in small glass containers, as well as assigning crops to certain foods and enumerating raw material plants. Recognizing is used similarly to identification in this survey. A school in this survey means an institution including lessons, media, teachers and so on.
METHODOLOGY Sample
In total, 926 students of 44 classes from six secondary schools (in Germany 5th to 13th grade) between the ages of nine and 18 years participated (46 % female; 52 % male; no sex information was given by 2 % of the questioned students). Fifth grade students had an average age of 11; upper grade students (11th -13th grade) were generally ages 16 to 19.
To examine whether parents had a greater knowledge than their children, whether they had a stronger direct contact with crops in school or whether there were differences in interest, all students taking part in the survey were given a questionnaire including an envelope for one of their parents. Students were able to bring the filled-in questionnaire back to school and put it in a box placed in the secretary's office. Thus, parental participation was anonymous and optional. Altogether, 314 parents participated in the questionnaire (235 female: 75 %; 76 male: 24 %; three parents did not give information about their sex: 1 %).
Data generation tools
To determine the knowledge and interest students and parents ascribe to themselves concerning the topics "crops" and "agriculture" in general, we started a questionnaire survey in German secondary schools (5th to 13th grade) in the cities of Mainz and Bingen from June 2012 until December 2012. All questionnaires included open and closed questions. The students' questionnaire included questions about:
1. Personal aspects (sex, age, grade ); 2. Knowledge (Table 1 : S1-S4 -seeds were presented in small glass tubes; monochrome images were taken from current schoolbooks) 3. Experiences in school concerning crops (Table 1: S5-S10) 4. Students' interest in agriculture and crops (Table 1 : S11-S12). The parents' questionnaire was shorter, but seven questions were identical to the students' questionnaire, allowing a comparison of generations (see Table 1 ). 
S2
What seed do you see in tube 1 (millet), tube 2 (corn), tube 3 (rape), tube 4 (wheat), tube
(oat)?
 millet  rice  oat  wheat  corn  rape  rye  barley  don´t know S3 # What is a) white bread b) popcorn c) cornflakes d) malt beer made of? 
Data collection and analysis
For inquiry, we visited the classes so that questions could be answered and the execution was observed. If students were not willing to participate, no questionnaire was given to them.
Different sets of data are given: relative and rounded frequencies as well as average scores and standard deviations. Cross-tables, χ²-and t-tests were performed in SPSS. Within sums, missing data and wrong answers were rated "0," and right answers were rated "1" as only the right answers were interesting within the sums. As closed questions can lead to educated guessing (Nadeau & Niemi, 1995) , a large sample was selected to minimize the guessing-bias. Still, a possible bias could not be eliminated. To be suited for lower and upper grade students, questions concerning interest were binary scaled ("yes-no") with the additional option "don't know." Previous studies conducted by our group showed that lowergrade students were especially compromised by Likert scaled questions, and tended to choose the center level. Furthermore, the general attitude -are students interested or not -and not the level of interest was the focus in this study.
RESULTS

Knowledge of crops plants
Identifying plant images revealed that corn was the best-known crop species (60 %), followed by wheat (51 %), oat (33 %), rye (30 %) and barley (20 %). Seed recognition showed that corn was selected correctly by 92 % (N = 912) of the students. The seed of rape was identified by 32 %, wheat was identified by 25 %, millet-seed by 24 % and oat was correctly recognized by 17 % of the students. Moreover, seeds were often interchanged. The use of corn to produce popcorn was known by 91 % of the students. That white bread is made of wheat was known by 67 %. 18 % knew that cornflakes are made of corn and 39 % that malt beer is made of barley (Note: The word "cornflakes" is used in German as well; there is no translation to an equivalent in the German language). A mean of two out of five correct image (M = 1.94, SD = 1.419) and seed (M = 1.9, SD = 1.141) answers and two out of four correct use (M = 2.14, SD = 1.037) answers was achieved. The open question, which asked to list raw material plants, showed that, on average, one example was given. Cotton was mentioned most often with more than 500 nominations followed by tree/wood (151), cannabis/cannabis sativa (98), rape (49), bamboo (37) and caoutchouc (33). Silk, a non-botanical material, was ranked in 8th place with 19 nominations.
According to sex, a highly significant difference was examined concerning the sums achieved in identifying images as well as concerning sums achieved in recognizing seeds and the use of plants for food production. Thereby, girls performed better than boys (images: male M = 1.78, SD = 1.366; female M = 2.14, SD = 1.448; t(902) = -3.845, p = .000; seed: male M = 1.81, SD = 1.158; female M = 2.01, SD = 1.116; t(888) = -2.676, p = .008; use: male M = 2.04, SD = 1.105; female M = 2.26, SD = 0.935; t(900.021) = -3.269, p = .001).
No significant changes occurred from one school grade level to the next concerning the recognition of images and the recognition of seeds (images: t(924) = -0.996, p = .319; one image difference; seed: t(910) = -0.318, p = .751; one seed difference). In terms of the enumeration of raw material plants (t(277.281) = -7.954, p = .000) and the use of crops (t(350.028) = -6.913, p = .000), a highly significant difference was found. While students between the 5th and the 10th grade assigned two products with the correct crops, students of upper grades were able to correctly
Interest in crop plants and agriculture
Two closed questions concerning interest in and desirability of crops in class showed a balanced opinion with a negative tendency. Answer options "no interest" and "crops not welcome in class" were selected more often than the options "interest" and "crops welcome in class." While 37 % said that they were interested, 45 % said they were not. At the same time, 26 % wished to discuss agriculture and crops in class, while 37 % did not. About 20 % chose "don't know." Girls selected "interest" (χ 2 (2, N = 887) = 18.438, p = .000) and "crops welcome in class" (χ 2 (2, N = 768) = 20.557, p = .000) significantly more often than did boys (Figure 1 ).
In terms of grade, 5th grade students declared themselves interested most often, interest decreased until the 10th grade and increased again in the upper grades. Similar results were found concerning desirability in class (Figure 2 ).
Figure 1.
Results of "interest" (S11) and "crops welcome in class" (S12) according to sex and according to agricultural holding in families; N = 926, relative data given; * significant ** highly significant according to χ 2 -Test Figure 2 . Results of "interest" (S11) and "crops welcome in class" (S12) during school
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Sources of information on crop-related issues
School and parents were the predominant sources for students concerning crops; holidays and friends ranked in the bottom positions (Figure 3a) . Within school, textbooks were the most common media, followed by film and modelreconstructions. Therefore, secondary media -offering no hands-on experienceswere used most often. School gardens, a primary media allowing real contact and hands-on experience, were in the bottom position (Figure 3b) . At the same time, 510 of 926 students confirmed that their school indeed had a school garden.
Parents' knowledge and interest
Parents performed significantly better on all questions of knowledge, including recognizing plant images (t(1238) = 12.822, p = .000), listing raw material plants (t(376.151) = 15.291, p = .000) and assigning plants to certain foods (t(708.525) = 19.692, p = .000). While students named on average two out of five images and two out of four origins for food production correctly, parents knew three out of five images and three out of four origins for food production. In addition, parents were able to freelist about three raw material plants, while students listed one. According to their own statements, a higher number of parents said they were interested in agriculture and crops and that both topics were discussed in school (interest: χ 2 (2, N = 1210) = 62.558, p = .000); school: crops χ 2 (2, N = 1222) = 62.027, p = .000; agriculture χ 2 (2, N = 1221) = 17.635, p = .000). While 38 % of the students said that crops were discussed in school and 55 % stated that agriculture was discussed, 59 % of the parents said that crops and 64 % said that agriculture was discussed. 
DISCUSSION
This study, to our knowledge, provides the largest empirical analysis of students' and their parents' knowledge of crop plants and interest in crop-related issues. Its findings are comparable to other countries with similar living conditions and educational systems like in Germany.
More than wheat and corn?
According to FAO, wheat and corn are commonly cultivated in Europe and all around the world and are the most common crops in daily life e.g., in staple products (bread, noodles) or sweets (popcorn, pastries). Our results show that only plants with a strong connection to daily life (i. e. wheat and corn) are well-known with regard to image recognition, seed identification and -with some limitationsassignment of use. In other words students could only recognize two out of five crop images and seeds. Both crop species have special characteristics in their appearance, such as the female flower of corn or the beardless head of wheat, and are often printed on food packaging. A focus on special characteristics is indicated by Tunnicliffe (2001) and Zucchi (2007) . Thus, it is not surprising that such plants images and seeds are well recognized. Barley, rye and oat are less well known. The confusion between rye and barley could arise from the black and white images which were presented in the questionnaires and their similar habitus displaying a spica with beard. While differences between the two species are easy to observe in the field, limited knowledge about major differences such as beard length impedes proper identification on photographs or line drawings. Moreover, the rather greyish than green color of rye kernels could not be observed in the black and white drawings. So by bringing stalks into the classroom, rye and barley should be discussed in class purposefully and examined accurately to avoid confusion. The results confirm a survey on German primary students (Hamann, 2004) . She found that corn and wheat are named more often than rye, oat and barley when students are asked to list cultivated plants. As in several other surveys, girls (e.g., Gatt, Tunnicliffe, Borg & Lautier, 2007; Jäkel & Schaer, 2004) , performed better in recognizing plant images, seeds and the use of crops. Moreover, daily life seems to influence children´s knowledge (Natarajan et al., 2002; Patrick & Tunnicliffe, 2011) . Children remember plants encountered outside of school (Patrick & Tunnicliffe, 2011) or plants that possess a daily and sociocultural relevance (Natarajan et al., 2002) . These facts can explain the high enumeration of cotton and tree/wood concerning raw material plants, which are present in daily life e.g., in clothes and furniture. Still, this enumeration is not necessarily equivalent to recognizing and knowing the plant species.
Does school really matter?
While Tunnicliffe and Reiss (2000) claimed that school was a less important source of plant knowledge for students, school was most often chosen as a source of knowledge concerning crops by our participating students. According to information given by the students, lower and upper grades said that they were interested more often than students of 8th to 10th grade. This could indicate that either students are more interested during grades in which agriculture and crops are discussed or this could indicate that teachers adjust their classes to students' interests. At the same time, German curricula may be adjusted to students' interests as in 8th, 9th and 10th grade botanical issues are less mentioned while human biological or ecological topics are focused on (e.g. Ministerium für Bildung, Wissenschaft, Jugend und Kultur, 2014) .
Even though no longitudinal study was conducted, it seems that, in terms of recognizing images and seeds, no improvement throughout school years occurs. Even the discussion of agriculture and crops did not significantly affect students' performance (except for use of crops). Only concerning the use of crops and the enumeration of raw material plants did students from upper grades perform significantly better. This could be traced back either to experiences in their daily life or to school.
The non-significant difference between lower and upper grades concerning recognizing images and seeds could indicate, that crops and their recognition are either not or are only marginally discussed in class and cannot be transmitted to long-term memory. Crops are, rather, discussed in relation to geography (agriculture, cultivation), nutrition and crop use, not in terms of their systematics or morphological or botanical characteristics. This would explain the significant difference between lower and upper grades concerning the naming of raw material plants and the use of crops for food.
Thus, our study affirms results from Tunnicliffe and Reiss (2000) and Fančovičová and Prokop (2011) . Rather than school, daily life (Patrick & Tunnicliffe, 2011) and the daily use and sociocultural value of crops (Natarajan et al., 2002) seem to influence students' knowledge of plants.
As less time is spent at home due to full-time schooling and less time is spent in nature, it is of great importance that knowledge of crops and agriculture is transferred to students in school. (see e.g. Bigler & Hanegan, 2011; Holstermann, Grube & Bögeholz, 2010; Lineberger & Zajicek, 2000) . Unfortunately, an analysis of 42 German school books showed that original contact and hands-on contact with crops, as well as an entire discussion of plants from seedlings to processing, are not or only marginally included (Fritsch & Dreesmann, 2014) . All in all, school was the predominant source of information according to students' statements, but whether crops and agriculture were discussed in class did not affect their knowledge significantly.
Are crop plants and agricultural issues interesting at all?
Our results show, that more students declared themselves not to be interested in crop-related topics. Only 40 % of the surveyed students were interested, and only 30 % would like to discuss those topics in class. This affirms results of Holstermann and Bögeholz (2007) and Bickel and Bögeholz (2013) showing that agriculture, plants and cultivation are least interesting. Thereby, girls scored higher than boys concerning cultivation (Bickel & Bögeholz, 2013) . Other surveys on students' interest in plants showed that girls were significantly more interested than boys (Kinchin, 1999; Löwe, 1987 Löwe, , 1992 , which is consistent with our results. However, a difference can be discovered in students' grade levels. While there was a maximum in selecting "yes" in the 5th grade, the frequency of assigning interest decreased in the following grades. From 11 th grade on, an increase was detected (Figure 2) . Those results are consistent with Löwe (1987) and Strgar (2007) . Löwe (1987) suggested a 5th grade effect. Strgar (2007) found that 5th grade students had the highest "interest" scores concerning a selection of eight given plants.
Parents vs. students -how to close the knowledge gap?
Adults in our survey performed better than students concerning recognizing images, assigning use and enumerating raw material plants. Reasons for these results can only be supposed. Knowledge increases with experience through the passing of time. This fact could explain these differences, and adults have far more life experiences than students have. Furthermore, most of the adult participants were female. Surveys showed that females have a better knowledge concerning plants (Gatt, Tunnicliffe, Borg & Lautier, 2007; Jäkel & Schaer, 2004) and that they are also more interested in them (Kinchin, 1999; Löwe, 1987) . In addition, women still cook at home more often than do men (Australian Bureau of Statistics, 2009; Bianchi, Milkie, Sayer & Robinson, 2000; Meusch, 2013) , which would make them more familiar with the ingredients of food. Additionally, adults selected significantly more often that crops and agriculture were discussed in class when they were students.
As plants gained much attention in former curricula and recognition skills were part of the curriculum -in contrast to the current situation (Berck, 2009 ) -it is plausible that more adults affirm those topics to have been discussed in school. Accordingly, their better performance could be explained through: (1) higher personal contact in the parents' childhood, e.g., helping in the field, (2) life experience or (3) discussion in school, which was less based on hands-on activities but was transmitted to long-term-memory.
Educational and methodological demand
As stated above, crops and agriculture are important issues these days. For students, school is the main source of information concerning these topics. However, there is no difference between lower and upper grade students, indicating that there may not be an increase in students' performance during school concerning recognizing plant species. Moreover, with a mean of two out of five plants or seeds, a shortcoming can be identified, which needs to be corrected. Accordingly, agriculture and crops should be discussed in school purposefully. To achieve this, both topics should be mentioned in science curricula and specific didactic material should be prepared that allows personal experience so that students feel addressed.
As a consequence, science curricula must include knowledge of species. Today, knowledge of species is implicitly mentioned but not listed in curricula (American Association for the Advancement of Science, 2009; Berck, 2009 ).However, students should learn and practice scientific methods connected with the scientific identification of species (monitoring, writing a register of characteristics). As learning in contexts has a positive influence on students' knowledge, motivation and interest (e.g., Goller, 2001) , it is evident that not only crops but also crop-related issues should be taught in class (e.g., agriculture, climate change, plant breeding) combined with other disciplines. Hands-on experience should be included as students like such personal activities (Murphy, 1991; Nott & Wellington 1999) , and hands-on experiences "increase student content knowledge" (Bigler & Hanegan, 2011) .
One effort to meet the educational demands listed above is a project called the "Greenhouse Project," which is an educational research project initiated by our group in 2011. Secondary school students of different grades cultivate and examine crop plants grown inside and outside of a small greenhouse so hands-on experiences are included. Additionally, effects of drought stress and climate change are discussed. Topics from different subjects such as physics, chemistry and history are also raised within the project (Fritsch, Lechner-Walz & Dreesmann; 2015) .
CONCLUSIONS
German students' knowledge of crop plants is poor. In addition, no significant difference between grades or age, respectively, can be observed. Only concerning knowledge of crop use did upper grade students show higher results than lower grade students. At the same time, many students are not interested in crops and agriculture. According to Wandersee's and Schusslers' (1999) conception of plant blindness, German students are crop-blind. Students lack knowledge of almost every plant group: herbs (Hesse, 2002; Jäkel & Schaer, 2004) , wild flowers (Bebbington, 2005) , toxic plants (Fančovičová & Prokop, 2011) and trees (Ammer & Gössinger, 2010) . This even includes those plants they eat. And if culturally important plants are better recognized than others (Cooper, 2008) , the knowledge of non-crop plant must be even worse. Our results strongly support the need for new and better teaching materials and methods to increase students' knowledge of and interest in plants.
